ABSTRACT. At the Ninth International Radiocarbon Conference a paper was presented concerning possible short-term 14C variations in 4000-year-old red deer antlers (Genius elaphus) found in Neolithic flint mines in Norfolk, England (Burleigh and Hewson, 1980). It was argued, on archaeologic grounds, that the true age of the samples varied by a few years at most. Their radiocarbon ages, however, varied by a considerably greater amount than could be explained by the errors in the measurements. Duplication of the measurements confirmed this unexpected variation.
The dendrochronological sample, its preparation and pretreatment A suitable sample of wood for the measurements was supplied by the Palaeoecology Laboratory of the University of Belfast. It consisted of a transverse segment approximately 5cm thick of the trunk of a pine on which about 220 growth rings were visible. It had been recovered from Sharvogues Bog, County Antrim, and a sample from rings 11 to 20 had been dated by the Belfast Radiocarbon Laboratory to 4015 ± 45 BP (UB-624, Smith, Pearson, and Pilcher, 1973) . The mean width of the rings was about lmm and rings 21 to 61 inclusive only were considered large enough to be accurately separated.
It was established by sanding both horizontal faces of the segment and by counting the rings on seven separate radii, that all the rings of interest were intact and continuous. By working carefully with a chisel from the outer rings towards the center, it was possible to separate the rings at the boundary between the spring wood and the denser late wood growth of the preceding year. The material removed at the interface between rings was discarded to minimize cross-contamination. In this manner, samples of each year's growth were obtained, which weighed between 6gm and 60gm with an estimated cross-contamination between adjacent rings of at most 3 percent.
The wood was in very good condition and showed no sign of decay. Thus, it was possible to grind the material from each ring to a fine powder (less than 1.2mm). Sufficient material was available from rings 49 to 60 for two independent measurements to be made and so the wood from these rings was divided into two samples at this stage.
It is generally recognized that the best pretreatment method for wood samples is to oxidize and dissolve all but the cellulose component, thus ensuring the destruction and removal of all contamination (Long and others, 1979; Cain and Suess, 1976; Tans, de Jong, and Mook, 1978) . However, most of the sample material is destroyed with the contaminants in this method. In view of the limited quantity of material available, it was decided that a less drastic technique should be used. Experience at this laboratory, which coincides with the recommendations of other workers (Long and others, 1979; Jansen, 1972) (Tamers, 1960; Noakes, Kim, and Stipp, 1965) with minor modifications and innovations (Burleigh, 1972; 1974) . Yields from the chemical conversion are about 95 percent and the purity of the benzene produced is comparable with that prepared by other laboratories (Fraser and others, 1974) . The samples for this experiment were synthesized following routine procedures; the carbon dioxide initially produced was sub-sampled for measurement of stable carbon isotopes.
A suitable quantity of PPO was dissolved in scintillation grade toluene to give a final concentration of 4gm per liter when 0.5ml of the solution was added to 5.5ml of benzene. It was intended to measure the specific activity of the samples in large groups to facilitate direct comparison of their counting rates. As it was not possible to devote more than a part of the laboratory's output to the project, this made it necessary to store most of the samples, in the form of benzene, for some time whilst work on the remainder of the group was completed. In such a situation, there is a risk of losing some benzene by evaporation. Therefore, it was decided to flame-seal the sample cocktails immediately Natural 1440 Variations after synthesis of the benzene in low potassium glass ampules and to count them in this form. Previous experiments had shown that the variation of the background count rate of the ampules was comparable with that of the glass vials normally used for low level work whilst the stability of the counting rate of such sealed samples had been demonstrated over a number of years. In four cases, the flame seals proved to be inadequate and the samples had to be discarded.
A number of oxalic acid modern and background reference samples were synthesized for the project and made up in a similar manner to the samples. In addition, ten quenched reference samples were made by diluting 14C labelled toluene to produce a PPO/toluene/benzene cocktail and adding appropriate quantities of acetone.
RESULTS
The results in this paper have been subjected to a statistical analysis of variance. In this technique, the squares of the (1 sigma) measurement errors for related measurements are added together to form the total sum of squares (corrected to the mean of the measurements). A single 14C measurement is taken to be the age calculated from the result of one 100-minute count of a benzene sample relative to background and modern standards, after correction for fractionation effects and for the age effect for the ring from which the sample was drawn relative to the first year of growth of the tree.
The contribution to the sum of squares of the various factors in the experiment (such as ring to ring variation or variation between duplicates) is calculated. For example, the contribution of nine pairs of duplicate measurements is found by adding together nine terms which are each the square of the difference of one result of each pair from the mean of each pair. The factor sums of squares are subtracted from the total to give the residual sum of squares.
The mean square for each factor and for the residual is calculated by dividing the sum of squares by the appropriate number of degrees of freedom. The standard deviation of the residual is the square root of the mean square and is the best estimate of the underlying precision of the measurements. If the f ratio for a factor, ie, the ratio of the factor mean square to the residual mean square, is significantly larger than one, then that factor has had a detectable effect on the variation between the measurements. The significance point is determined by reference to tables of the F distribution. Tables of the F distribution and a full explanation of the analysis of variance technique can be found in most statistical textbooks on the design and analysis of experiments (see eg, Snedecor and Cochran, 1967) .
The 613C values of the carbon dioxide produced in the synthesis process lay in the range -24% to -25.5%, which is in good agreement with the value of -25.l% obtained by the Belfast laboratory. An analysis of variance of the measurements made on the rings from which two samples were available is given in table 1. The standard deviation of the The error estimates are calculated from the observed reproducibility of the sample, background, and modern count rates (Hewson and Hall, 1980) with an additional allowance to cover any small errors in the preparation of the samples. All the samples were counted against the same set of reference standards and, therefore, the age estimates are correlated. The following analysis takes advantage of this correlation and compares only the precision and not the absolute accuracy of the results. 
CONCLUSION
This study has demonstrated the absence of substantial short-term 14G variations in a 4000-year-old pine. The sensitivity of the experiment could detect any variation large enough to cause serious errors in radiocarbon age determinations of short-lived material. Other explanations must be sought for the incompatibility of the original measurements made on red deer antlers excavated in Norfolk. The study has also shown that the precision of low-level measurements using the liquid scintillation counting method under the conditions described for the first and second batches is about ± 46 years. However, careful analysis of a group of results can reveal additional variation between samples equivalent to an age error of as little as ± 30 years.
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